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Field of invention 

5 The present invention relates to voltage multipliers for generating 

voltage pulses that are higher than the supply voltage, and more particularly to 
capacitive voltage multipliers for generating voltage pulses, up to 100 V, for dis- 
plays, non-volatile memories and corresponding units in small electronic de- 
vices, such as handheld telecommunication or corresponding terminals. 

10 

Background of the invention 

Voltage multiplying circuits use either capacitive or inductive phe- 
nomena to step up an input voltage. Even the recently introduced piezoelectric 

15 step-up transformers use piezo-capacitive phenomena to generate stepped up 
output voltage. Inductive and piezoelectric voltage multipliers are for size and 
weight reasons not practical for high voltage generation in handheld terminals. 
For use with integrated circuitry capacitive mulipliers are the preferred choice. 

Basically two types of on-chip circuits are known that generate 

20 pulses higher than the supply voltage: diode chain multiplier and parallel/serial 
switching of capacitors. 

The parallel/serial capacitive multiplying circuits are principally 
based on the Ervin Marx multiplier, where capacitors are charged in parallell 
and discharged in series. Although widely used in high voltage high power pulse 

25 applications, this kind of store and stack system has drawbacks, especially 
when a steady level high voltage is needed, because the stack will discharge 
and the output voltage will drop after the initial pulse. In the original form the 
switching was done with the help of sparkgaps which all will all break down 
substantially simultaneously because the voltage will increase over the remain- 

30 ing sparkgaps when the first sparkgap triggers or is triggered. Instead of spark- 
gaps, for lower voltages controlled switches can be used instead. An example 
of an improved variant of the Marx multiplier called the Mosmarx multiplier was 
given by P.E.K.Donaldsen: "The Mosmarx voltage multiplier", Electronics & 
Wireless World, August 1988, pages 748-750. Here metal oxide semiconduc- 

35 tors (MOS) switches were used instead of spark gaps. When continuous output 
is needed high voltage charge is stored in a separate reservoir capacitor, iso- 
lated by a serial diode from the output stage, and the switches are operated 
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continuously. The continuous operation prevents the use of micromechanical 
(MEMS) switches which have a limited lifetime and/or operating frequency. 

Most high voltage generators are typically feeding into a reservoir 
capacitor. When a high voltage pulse is created, it charges the capacitor with 
5 energy taken from the supply. When the high voltage pulse is to be terminated, 
the charge on the output capacitor is normally discharged to ground on the fal- 
ling edge of the pulse and all the energy in the capacitor is lost. This loss is pro- 
portional to the reservoir capacitance, but too low a capacitance will cause out- 
put voltage ripple. For pulsed use it would however be energy efficient if the 

10 output capacitance would be small and mainly consist for example of the para- 
sitic capacitance of a display device. 

The other common voltage multiplying circuit is based on cascaded 
diode pumps. Such multipliers are based on chained voltage multipliers, using 
the simple two diode D1 , D2 voltage doubling stage coupled to the driving volt- 

15 age waveform input U1 via a capacitor C1 illustrated in Fig.2. In this doubling 
stage the output voltage U2 over a capacitor C2 is twice the input voltage U1 for 
a rectangular driving pulse and 2.82 times the RMS value of a sinusoidal U1 
driving waveform, if the voltage drop over the diodes is disregarded. 

When cascaded, such simple voltage multipliers will form the well 

20 known Cockcroft-Walton multiplier chain, popularized by John Cockcroft and 
Ernest Walton, and illustrated in Fig.3, wherein the chain consists of capacitors 
C1 to C8 and diodes in a known manner. 

In order to increase the efficiency and to reduce the output ripple 
the multiplier according to Fig. 3 can be doubled to form a push pull multiplier, 

25 illustrated in Fig.4. This multiplier can be considered as two separate Cockcroft- 
Walton multiplier diode chains provided with diodes and capacitors C6 to C8 
and C61 to C81, charging a common reservoir capacitor chain, C2, C3, C4 and 
C5, and the two voltage multiplier chains are each driven by respective phase 
shifted inputs U11 and U12 via capacitors C1a, C1b. Each cascaded diode 

30 multiplier chain need only supply half the current and the output ripple will be 
reduced because of the increased frequency of the charging action even if the 
reservoir capacitor chain C2, C3, C4 and C5 is of the same size as in Fig.3. In 
the same way other multi phase multipliers can be envisaged. 

Figure 5 shows the same multiplier as Fig.4, with the phased input 

35 signals U11 and U12 via capacitors C1a and C1b and the output to U2 through 
the diodes D7a and D7b and smoothed by C5, which is at the top of the reser- 
voir capacitor chain. Figure 5 can be simplified to a also previously known split 



3 



type multiplier according to Fig.6 by removing the reservoir capacitor chain and 
connecting the anode of each step-up diode directly to the cathode of the next 
stage step-up diode. Because two serially connected diodes are now replaced 
with a single diode this can be done with little or no efficiency loss. Another ad- 
5 vantage of the circuit of Fig.6 that can be used to advantage in the present in- 
vention is the capacitor free output, because U2 is fed through the diodes D7a 
and D7b without a reservoir capacitor. This is more clearly illustrated in by 
Fig. 7, which is actually Fig.6 redrawn in a more common form. 

Figure 8 illustrates how a multiplier can be connected to boost a 

10 supply voltage Udc. The output voltage will be increased by the same amount 
as the supply voltage itself. The previous examples in Fig.2 to Fig 7 were drawn 
as ground referenced, but could use this method as well. 

Figure 9 illustrates how the a voltage multiplier diode chain can be 
arranged by driving the capacitors in parallell by U1 1 respectively U12. To drive 

15 the capacitors in parallel is more efficient than driving them through previous 
stages. This is a efficient and parts count reducing method that can be used 
whenever the generated voltages are within the capacity of the circuitry. 

Figures 2 to 9 have illustrated various known multipliers using diode 
chains as switches. The earlier mentioned series/parallel Marx multiplier uses 

20 switches and not diodes, and a typical Marx multiplier is depicted in Figs. 10a 
and 10b, where Fig. 10a shows the charging in parallel of C1, C2, C3 and C4 
from U1 using the even numbered switches S2, S4, S6, S8, S10 and S12 and 
Fig. 10b shows the high voltage output phase when the even numbered 
switches are opened and the odd numbered switches S1 , S3 and S5 are en- 

25 gaged to connect the charged capacitors in series in order to generate the high 
output voltage U2. Any outside load capacitance will be connected in parallel 
with C1, C2, C3 and C4 in the charging phase. The diode D101 prevents the 
generated high voltage 32 to be leaked back into the supply 31 during the high 
voltage output pulse and does the same also also in the charging phase if the 

30 capacitor voltage because of charge charing is higher than the supply voltage. 

In many applications a high-voltage source is needed that can be 
switched on and off rapidly without loosing energy and without the use of a 
high-voltage output switch, which is difficult to implement. 

Using a serial/parallel multiplier with a reservoir capacitor output 

35 would need such high-voltage switch or else the reservoir charge would need to 
be bled-off every time. Charging the reservoir capacitor and then bleeding off 
the charge when there is no need for high voltage decreases efficiency. 
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Using a serial/parallel multiplier without a diode fed reservoir ca- 
pacitor will however limit the length of a high-voltage pulse in single pulse use 
and in continuous use it will result in excessive ripple. 

A diode chain multiplier will also need a high voltage output switch 
5 in order to preserve efficiency when high voltage is needed intermittently, like 
for example in handheld terminals. In handheld terminals, where efficiency is of 
paramount concern, the display is using high voltage only when active, and is 
typically switched on and off intermittently. 

10 Summary of the invention 

The object of the present invention is to eliminate the disadvan- 
tages of the prior art and to provide a system that allows the output high voltage 
to be switched on and held with little longtime drop and small switching losses 

15 and able to supply a load current without significant ripple. Additionally switch- 
ing the high voltage on and off does not result in efficiency loss. 

The present invention is based on combining a serial/parallel multi- 
plier circuit (Marx) and a diode chain multiplier circuit (Walton-Cockroft) in a new 
modified circuit in order to reduce the total power consumption of the pulse 

20 generator. For example a MOS Marx multiplier can be used in steady state 
without a separate reservoir capacitor. It can thus efficiently be switched from 
high to low output voltage and vice versa with high efficiency, because a reser- 
voir capacitor that needs to be discharged is not used. Instead a second multi- 
plier working in parallel is utilized to keep the output voltage high. The second 

25 multiplier can for example be of Crockton-Walton type, but also any other diode 
chain circuit may as well be used. The general arrangement is depicted in Fig.1. 

The invention comprises using a parallel/series capacitor multiply- 
ing circuit 21 , such as a Marx multiplier, in a one shot mode when high voltage 
32 is needed, and compensating the load current and any leakage with the help 

30 of the second diode chain multiplier 22, such as a Cockcroft-Walton multiplier or 
similar, operating constantly through diode 102. In the invented circuit any re- 
maining charge in the capacitors of the multiplier 21 is saved and available for 
the next output pulse. This will reduce the total power consumption from the 
input source 31. 

35 The second multiplier 22 can work at optimum frequency for high 

efficiency, and its capacitors can be quite small, whereby any lost charge is of 
little consequence. Ripple and output regulation need not be overly considered, 
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only efficiency, because the comparatively high capacitances of the paral- 
lell/series voltage multiplier 21 will smooth out voltage ripple caused by the pul- 
sating current coming from the diode chain multiplier 22. 

Characteristic features of the present invention are in detail pre- 
5 sented in the enclosed claims. 

The primary intended use is as a high voltage source for displays, 
where the not insignificant parasitic capacitance 103 of the display itself con- 
tains a charge too. This charge will also be recovered when using the invented 
circuit, because this charge will be connected in parallell with the capacitors of 
10 the paralle/serial multiplier 21 in the charging phase, when its capacitors are 
connected in parallel. Previously inductances have been used for the charge 
recovery, see for example Sang-Kyoo Han et al in Electronics Letters Vol. 38 
No. 15 of of 18 July 2002, with title "Energy-recovery Circuit for Plasma Display 
Panel". 

15 Another important use of the invention is to generate programming 

voltages needed for non-volatile memories, and for use in non-contact cards 

and wireless sensing equipment. 

The increased battery life of the invented circuit is of importance for 

handheld and other small electronic devices. An advantage is that the compo- 
20 nents of the invention can be implemented using CMOS processes, and the 

number of necessary discrete components can be made low. 

Brief description of the drawings 

25 In the following, the invention will be described in more detail with 

reference to the appended drawings, in which: 

Figure 1 presents a block diagram of a voltage multiplying circuit 
according to the present invention; 
30 Figure 2 depicts a basic diode based voltage multiplier stage; 

Figure 3 depicts a basic Cockcroft-Walton multiplier; 

Figure 4 depicts a multi phase diode-chain multiplier; 

Figure 5 depicts a multi phase multiplier; 

Figure 6 depicts a simplfied multiplier; 
35 Figure 7 depicts a simplified multiplier; 

Figure 8 depicts a way to increase output voltage; 

Figure 9 depicts a parallel controlled diode chain multiplier; 
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Figure 10 illustrates the operation of a parallell/series multiplier; 
Figure 1 1 shows a voltage multiplying circuit according to the in- 
vention. 

Detailed description of preferred embodiments 

Figures 2 to 9 have already been explained above and examplifies 
the known circuits that can be used as the second multiplier 22 of the invention. 
This multiplier 22 can have the configuration and number of stages that is most 
suitable to be used with the operational load and the operational use of the mul- 
tiplier 21. Figure 10 illustrates the operation of a parallel/series switched ca- 
pacitor multiplier that can be used as the first multiplier 21 of the invention. The 
operation of this circuit has also already been explained, but it its should be 
pointed out that the number of capacitors C1 , C2...Cn can vary from two to any 
number n. 

The invention is best explained with reference to the block diagram 
shown in Fig.1 and the example circuit depicted in Fig.1 1, which shows a volt- 
age multiplier for generating voltage pulses, up to 100 V, for displays, non- 
volatile memories and corresponding units in small electronic devices, such as 
handheld telecommunication or corresponding terminals, whereby said voltage 
multiplier comprises: 

a serial/parallel multiplier circuit 21 comprising diode 101 and ca- 
pacitors 11,12 and 13 and switches 1 ...8; 

a diode chain multiplier 22 comprising diodes 41, 42, 43 and 102 
and capacitors 51 , 52 and 53; and 

a controlling circuit 23 providing the supply and load currents 31, 32 
and controlling the multiplier 22 with the control inputs 61 and 62 and controlling 
the multiplier 21 by operating the switches 1 ...8. Additionally the output 32 is 
connected to an input of the controller 23 whenever a voltage feedback signal is 
needed to adjust the operation of the controller. 

Typically the controller 23 is a part of the terminal electronics and 
receives supply, timing and the high voltage activating command from this cir- 
cuit. The controller operates the inputs 61 , 62 of the multiplier 22 typically in 
antiphase fashion at an advantageously high switching rate, making the use of 
small capacitors C1, C2 and C3 possible, but without introducing excessive 
switching losses because of unnecessary high switching frequency. In addition 
the controller 23 operates the multiplier 21 switch sets, here the even and the 
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odd numbered switch sets, to activate the one-shot high voltage pulse with the 
odd numbered switch set and to facilitate recharging by operating the even 
numbered switch set. 

In operation the multiplier 21 is operated in one-shot steady state 
5 mode without the need for a separate reservoir capacitor and it can be switched 
from the high to low output voltage and vice versa with high efficiency at any 
time. The second multiplier 22 working in parallel is in continuously operated 
when high voltage is needed, in order to augment a one-shot high voltage pulse 
generated by the multiplier 21. 

10 The second multiplier 22 is a diode chain circuit that generates a 

steady high voltage current and continuously operates for the duration of the 
output pulse. The load 103 is typically not an ideal capacitor. Leakage currents 
will flow from to ground so some charge is lost during the active control pulse 
duration. The load can also comprise other circuitry needing continuous high 

15 voltage current. To overcome this leakage or load current, the second diode- 
chain multiplier 22 is connected in parallel with the first switched serial/parallel 
capacitor multiplier 21 to the load 103. This second diode-chain multiplier 22 
can use a high switching frequency for the pump capacitors and consequently 
need only comparatively small capacitances, suitable for integration. 

20 The input diode 101 in Fig.1 and Fig. 11 makes it possible that the 

initial charging voltage of the pump capacitors of the switched capacitor multi- 
plier 21 can be higher than the incoming supply voltage 31 . The output diode 
102, or the combination of two diodes like D7a and D7b in Fig. 5 and Fig. 6 will 
prevent leakage of charge to the diode-chain multiplier 22, where it cannot be 

25 recovered. 

It is obvious to the person skilled in the art that different embodi- 
ments of the invention are not limited to the example described above, but that 
they may be varied within the scope of the enclosed claims The circuit can be 
implemented in CMOS technology or any technology that is able to withstand 

30 the generated voltages. Further, the first voltage multiplier 21 may be of any 
switching capacitor circuit type suitable for use in voltage multipliers, and the 
second multiplier 22 can for example be of Crockton-Walton type, but also be of 
any other type of diode-chain multiplier circuit. Further, instead of semiconduc- 
tor switches also relays or MEMS (micro electro-mechanical system) switches 

35 may be advantageously be used to operate at least the multiplier 21 . 

In the foregoing a novel method of interconnecting only slightly 
modified standard voltage multipliers has been presented giving numerous ad- 
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vantages, like decreasing the size of the needed capacitors, and enabling cost 
effective solutions like the use of MEMS switches, hitherto not used in voltage 
multipliers, to be employed in future handheld terminals. 



